Europe, ranging from coastal dunes in the Netherlands (e.g. 1, 2) over mountainous mosaic landscapes in the
48
French Alps (3)and in Germany (4) to lowland peri-urban meadows (5). Reintroduction areas not only 49 represent different habitats, they also represent different degrees of human modification, with some 50 reintroduction sites being naturally disturbed coastal dunes (e.g. 2), private commercial plantation (e.g. 4) or 51 areas still ditched and drained due to upland agricultural use (5). The conservation goal of these 52 reintroductions is often twofold, with one focus being the protection of the largest extant wild, native 53 herbivore in Europe, European bison (6), and the other focus being ecological restoration focusing on 54 restoring trophic top-down interactions and associated cascades as well as non-feeding related processes of 55 the European bison (i.e. trophic rewilding (7)) (2). 
72
(15) and the IUCN red list category has been moved from 'endangered' to 'vulnerable' in 2008 (16) .
73
However, challenges still remain as the free-living bison are distributed on 40 small and rather isolated 74 populations with no or little genetic exchange (15). None of these wild populations are considered to be self-75 sustaining (17).
76
Despite the many reintroductions of European bison across Europe, there is still no clear 77 roadmap for how to successfully reintroduce bison in highly anthropogenic landscapes (3) where habitats 78 often are size-restricted. Consequently, it is even more important to match the habitat requirements of 79 bison to the reintroduction site in order for it to be successful. Reintroduction efforts should, therefore, 80 undergo evaluation to help fill in the many knowledge gaps e.g. in which habitat types do bison seem to 81 thrive and under which management protocols do they display their ecological functions optimally.
82
In Denmark two small semi-wild herds have been established; in the riparian meadows of 
85
Bornholm has been evaluated using GPS (19) . This study will be the first to study the case in the peri-urban 86 meadow in Jutland.
87
In this study, we provide an assessment of the daily and seasonal behaviour of the bison and 88 compare it to that of free-ranging herds. We also investigate the bison herd´s habitat use and selection by 89 linking the occurrence of the bison herd to environmental parameters such as habitat characteristics, plant 90 community traits, topography, and management area (release area with supplementary feeding vs. semi-91 natural meadow area) to better inform future reintroductions of European bison and rewilding-inspired 92 efforts in terms of assessing suitable habitat and management interventions.
94

Material and methods
95
Study area
96
The study was conducted in a 40 ha large bison enclosure located along the river Gudenå, in the Eastern part 97 of Jutland, western Denmark ( Fig 1A) . The area mostly consists of wet meadows (79.7 %) partly susceptible 98 to flooding, small deciduous forest areas (10.3 %), and previously cultivated grassland (5.2 %) ( Table 1 ). The 99 bison enclosure consists of two areas (Fig 1B) , a release area (Fig 1D-E) and a meadow area (Fig 1C) , between 100 which the bison have free access most of the year. Formerly, the release area had been used for hay-harvest 101 followed by cattle grazing. The release area contains a permanent stable, hay rack, and a water container 102 (Fig 1D-E) . The release area is located 0-3 m above sea level (20) 
Behaviour type Description
Feeding
The animal is standing still or taking slow steps without lifting its head.
Resting
The animal is lying down on the ground ruminating or sleeping.
Moving
The animal is walking or running with its head lifted off the ground and not eating. 
181
We considered two response variables (Fig 2A-B) ; the frequency of occurrence of bison in each grid cell in 182 the total enclosure and presence/ absence of bison in each grid cell in the total enclosure. Frequency of 183 occurrence was used as a measure for how often do the bison herd occur in a certain grid cell.
184
Presence/absence was used as a measure for whether or not the bison herd occur in a certain grid cell. We 185 considered five predictor variables ( Fig 2C-F 
199
SLA and Forage quality were interpolated to the whole study area based on presence/absence 200 data on plant species obtained from the 33 vegetation plots in order to include these variables in the spatial 201 models (Fig 2) . We used kriging with the following co-variables; Elevation and Digital Object Model (a 202 measure for vegetation structure), which was derived from Elevation and Digital Surface Model (25).
203
Performance of co-kriging was tested using a training subset and a validation subset of vegetation plots and 204 resulted in a prediction of 67.2% for SLA and of 85.1% for Forage quality. Co-kriging was performed using the 205 function krige() in the R package gstat (30, 31) and based on exponential variogram shape.
206
The response variable Frequency of occurrence was log transformed to ensure normality of 207 the residuals, and all grid cells with zero values (no observations of bison) were removed to avoid skewness 208 and bias in the residuals. One grid cell was removed from analysis involving Frequency of occurrence as we 209 considered it an outlier as bison often were observed here (99 times) due to this grid cell being the physical 210 link between the two Management areas (release area vs. meadow area with tree patches) of the enclosure.
211
The relationship between the occurrence frequency (the number of times the bison herd 212 occurred in the same grid cell) and Elevation, Tree cover, Management area, Forage quality and SLA was 213 tested with simple linear regressions for continuous explanatory variables and with Pearson product 214 moment correlation for categorical explanatory variables.
215
Multicollinearity among predictor variables was tested using Spearman's rank correlations for 216 variables with a non-linear relationship and Pearson´s correlation between variables with a linear 217 relationship. Multicollinearity was considered a problem among predictor variables when correlations rose 218 above 60%, and therefore Management area and Forage quality were excluded from the habitat selection 219 models as they were highly correlated with Elevation (See Table S1 ). Elevation was not discarded as this 220 predictor variable was of highest resolution.
221
Spatial autocorrelation was tested by evaluating Moran´s I for the lower distance classes of 222 the residuals and considered to be negligible (see Fig S2) . Linear regression models were conducted to test if 223 the predictor variables (Elevation, Tree cover, and SLA) influenced how often the bison herd occurred in a 224 given grid cell. Multiple logistic regression models were performed to test if the predictor variables 225 (Elevation, Tree cover, and SLA) had an effect on whether the bison occurred in the grid cell or not 226 (presence/ absence). All possible combinations of models (eight models for both linear and for logistic 227 models) were fit and ranked according to their relative weight of evidence (using Akaike weights, w i ) 
Tree cover
The percentage of the habitat consisting of deciduous tree stands, hedges and shrubs. Constructed from ground-truthing and ortho-photos from 2012.
Management area
The bison enclosure consists of the release area, a formerly cultivated field, and the meadow area.
SLA SLA was calculated as the product of the Specific Leaf Area (SLA) for each plant monitored on a presence/absence level in a 10m circle in the vegetation plots and interpolated to the entire enclosure using co-kriging with Digital Object Model and Elevation.
Forage quality Forage quality was calculated as the product of the Forage quality for each plant monitored on a presence/absence level in the 10m circle in the vegetation plots and interpolated to the entire enclosure area using cokriging with Digital Object Model and Digital Terrain Model. Forage quality for cattle was retrieved from the BiolFlor database (27).
255
Results
256
Behavioural patterns
257
The diurnal behaviour pattern showed that the bison herd had three major feeding bouts a day (Fig 3A) , with 258 intervening resting bouts. Over the entire growth season, the bison herd spent on average 59.4 % on 259 feeding, 29.5 % on resting, 3.3 % on moving, and 7.8 % on other activities (Fig 3B) . This activity budget was 260 consistent with previous findings by Cabon-Rackzynska et al. (22 (Table 1) . Bison spent almost the 287 quadruple amount of time in the release area than expected from its´ availability (Table 1) , which was 288 significantly more than time spent in other habitats; meadow, areas with tree cover, and significantly more 289 than in the other management area (meadow with patches of open water and trees) ( Table 4 ). There was no 290 difference in habitat use of meadow habitat and areas with tree cover or between open areas (meadow 291 combined with release area) and areas with tree cover (Table 4) .
292
Log frequency of occurrence was significantly correlated with management type (Spearman´s rank 293 correlation: rho= 0.19, S=5211000, p<0.001) and the number of resting and feeding observations per grid cell in the release area was significantly higher than in the meadow area (Wilcoxon w=3534, p<0.0001 and and any explanatory variables, though there were moderate to weak relations to Elevation (r 2 =0.099, 297 p<0.001), SLA (r=-0.12, p=0.026) and Forage quality (r 2 =0.077, p<0.001) (Fig 5) . None of the models considered showed problematic levels of spatial autocorrelation. Therefore, spatial 315 linear models were performed with Ordinary Least Square and spatial logistic models were performed with 316 Generalized Linear Model (Fig S2) . The three best linear regression models (∆AIC c < 2) all have fairly low w i 317 values and low adjusted r 2 values ( Table 5 ), indicating that the models neither are notably better than the 318 worst models nor have great explanatory support. These linear regression models indicate that Elevation is 319 the most important predictor as it appears in all the best three models and has the highest effect in the 320 linear regression models, while Tree cover and SLA both have minimal effect (Table 6 ). Elevation had positive 321 coefficients ( Table 5 ), suggesting that bison preferred staying in areas with higher elevation, which were also 322 drier than the area with lower elevation.
323
For the logistic regression models, the best models seemed to have much higher explanatory 324 support than the second best model (w i = 0.85 vs. w i = 0.15, respectively), though both had low predictive 325 power (McFadden's r 2 =0.0830 and 0.0790). All explanatory variables were included in the best model, 326 whereas the second best model did not include Elevation. Elevation and Tree cover had positive coefficients, 327 whereas SLA had negative coefficients (Table 7) . SLA had the highest effect for the logistic regression models,
328
and Tree cover and Elevation had moderate effects ( 
Discussion
361
In this study, we wished to assess the daily and seasonal behaviour of bison and compare with previous 362 findings in Bialowieza Forest. The bison herd had three major feeding bouts a day ( Fig 3A) and on average 363 spent 59.4 % on feeding, 29.5 % on resting, and 3.3 % on moving across the growth season (Fig 3B) , which 364 was consistent with previous findings on bison in Bialowieza Forest (22). We also wanted to investigate if the 365 bison herd´s habitat use and selection were linked to environmental parameters such as habitat 366 characteristics, plant community traits, topography, and management area (release area and semi-natural 367 meadow area). We found that bison used the release area more than expected from availability, but did not 368 favour open habitat over forested habitat when accounting for habitat availability. We also found that they 369 preferred drier high-lying areas and areas with low SLA values over wetter low-lying areas and areas with 370 higher SLA values.
372
Behavioural patterns 373
We found that the herd of European bison had three major feeding bouts a day on average; the first around 374 dawn, the second around noon and the third and final around dusk. Previous studies from Bialowieza Forest 375 report four feeding bouts a day in periods without snow cover (22) thriving animals expressing what we, so far, believe is natural behaviour in the wild. Knowing this also 383 enables us to transfer knowledge from one reintroduction site to another more confidently.
384
Bison reintroduced in the Alps in France with access to supplementary fodder spent more 385 than 40% of the time feeding and approximately 50% resting independent of snow cover (3). In contrast,
386
Cabon-Rackzynska (21) found that bison in Bialowieza forest, also with access to supplementary fodder, 387 spent less time of the day feeding (30% vs. 60%) and correspondingly spending more time resting in periods 388 with snow cover. Resting more during cold periods can be related to shifts in temperature and weather 389 conditions, which appear to cause the European bison to behave more docily (22). Our observations also 390 support that shifts to higher temperature increase the amount of time spent on resting (Fig 4A) .
392
Habitat use
393
Overall the bison herd preferred open areas over patches with tree cover, and the herd spent most of its 394 time in the large meadow area (~72 %) (Table 1) . Nevertheless, the herd actually spent less time in the 395 meadow area than expected from its area coverage (Table 1) , coupled to it spending more time (19%) in the 396 release area than expected from availability (~5%) (Fig 5C and Table 1 ). It is unclear whether the preference 397 for the release area is linked to its inherent ethological value (i.e. the possible status of the release area as 398 their "home" might influence their behaviour accordingly), or to the rather high forage quality of the release 399 area (Fig 2C) due to former grass sowing management or the fact that the managers from time to time 400 supplied fodder in a hay rack, or that the release site was placed at the driest part of the enclosure. It is 401 reasonable to think that the preference for the release area is linked to feeding habits as the herd was 402 observed significantly more times feeding in grid cells in the release area than in the meadow (Fig 6) , 403 however, the herd was also observed significantly more time resting in grid cells in the release area than in 404 the meadow indicating that the release area has ethological value for the bison (Fig 6) . larger degree than forest habitats (9, (11) (12) (13) (14) . Kerley and colleagues (11) (Fig 5) . These results indicate that the bison 472 herd more frequently occurs on higher and drier areas with high Forage quality than on lower and wetter 473 areas. The linear regression models showed that Elevation had the highest effect (Table 7) .
474
Elevation is for this area related to wetness of the soil, as the enclosure is placed on the Gudenå River bank,
475
with terrain rising up away from the water. The area is in the lower parts susceptible to flooding, which could 476 be the reason why the bison herd seems to prefer higher grounds. In this study we did not observe the bison 
486
In the logistic regression models, SLA had a higher effect than Elevation ( showed that SLA had very low explanatory power for food preference (adjusted r 2 =0.00082, p=0.30) (Fig 7) .
503
These results suggest that SLA is a poor predictor for the habitat selection of bison.
504
Our habitat selection results indicate that the environmental parameters underlying the bison 505 herd´s habitat preference vary in terms of whether the bison herd chooses to use the area at all or choose to 506 visit the area multiple times. There were three best models for Frequency of occurrence, while just one best 507 model for presence/absence, this might suggest a rather different composition of areas chosen versus not 508 chosen, whereas areas chosen a lot versus rarely chosen might differ less. In order to make models with 509 more explanatory power to better clarify how the bison uses their available habitat, it would be preferable to 510 work with explanatory variables which gradients overlapped to a lesser extent. 
525
This is highly relevant as bison increasingly are being reintroduced to confined enclosures in anthropogenic 526 landscape in order to 1) help conserve the species and 2) restore ecological functions of the ecosystem, 527 which otherwise might be compromised if bison did not express natural behaviour.
528
However, the unexpectedly high use of the release site compared to the rest of the enclosure 529 prompt us to raise awareness of the possible long-term ethological effects of the release site and the 530 management protocols accomplished here, as this might cause the ecological impact by bison to be reduced 531 in terms of feeding and non-feeding activities. Further, this might reduce the potential of the bison to affect 532 plant diversity, structure and composition, and thereby species communities dependent on these, and 533 thereby compromise or oppose the conservation goals addressed in a trophic rewilding context. We, 534 therefore, encourage managers to match the management in the release area with the overall aims of 535 reintroducing bison in the particular reintroduction area.
536
European bison is classified as vulnerable by IUCN and therefore still more populations are 537 needed. Combining large-scale rewilding and bison reintroduction might well be a win-win situation, as 538 large-scale rewilding can support bison population and help ensure genetic diversity, and bison can 539 contribute functionally to rewilding projects especially when framed within a trophic-rewilding context.
540
However, still more research is needed to determine optimal habitat of the European bison and to properly assess to what degree European bison thrive in riparian meadows and can replace conventional 542 management protocols such as mowing and cutting regimes.
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